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Method for Trace Level Analysis of C8, C9, C10,
C11, and C13 Perfluorocarbon Carboxyllc Aclds in

Water
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A method was developed for the trace level analysis of
pentadecafluorooctanoic acid (C8), heptadecaffuorononano-
ic acid (€9), nonadecafluorodecanoic acid (C10), henei-
cosafluoroundecanoic acid (C11) and pentacosafluoro-
tridecanoic acid (C13) in water. Samples were concentrated
by solid-phase extraction (SPE) hefore analysis by com-
bined liquid chromatography/ electrospray tandem mass
spectrometry (LC/MS/MS). A surrogate standard, 9-hy-
drohexadecafluorononanoic acid (9H), was used to moni-
tor recovery. The lower limit of quantitation (LLOQ) for
(8, €9, C10, €11, and C13 was determined o be 25
n/L in water. The specificity of the method was estab-
lished by showing no significant interferences (<20% of
the LLOQ standard) in control samples of well, stream,
spring, tap, omnisolve, and type I water at the retention
time of the target analytes. The lincarity of the method was
determined; the coefficients of determination for the five
calibration curves generated were all >0.985. Good
within-day and betwecen-day accuracy and precision were
demonstrated. Extracts and stundards were shown to be
stable after remaining at room temperature for ~24 h.
Samples fortified with C8, C9, C10, and C11 were shown
1o be stable after remaining at room temperature for 14
days Before extraction. Samples fortified with C13 were
shown to be stable after remaining at room temperature
for 7 days before extraction. Fortified samples, extracts,
and standards demonstrated stability after being stored
in a refrigerator for 14 days for all analytes. Long-term
storage stability was demonstrated for methanolic stock
solutions,

Fluorinated alkyl surfactants have a wide variety ol uses in
various industrial products, including plastics, suriace treatments,
lubricants, and firc-fighting foams.! ' These materials are usually
partindly or completely uorinated sulionic or cirboxylic acids or

*y whany correspondence should I)< addressed Phone: 1811y 2721030
Faxt B LL 20010 Eaaail: johnlahony dexygeneom
Corrent addresss ke fue, 900 First Avenne, King of Prssia, PA 19406,
Cuarrent wildresss Solvay solesis, 10 Loonard Line, Thorotare, N} 05086
carrent addvesss solvay Solexis, RaD Conter, vinle Lombardia 20, 20021
Bodlate, Milan, Taly
Crrrent address: Asahi Glass Co. Lee., Analytical Fechnology Group, 10
Gataigan, Lhibara-shi, Chiba 290-8566, Jupan.
U Kissa, k= Flworinated Swrfactants and Kepellents, “nd ed.: Marcel Dekker:
New York, 2001,

10 1021.72¢0490548 CCC: 830,25 © 2005 American Chemical Saciety
Pubishid on wWeb 01/28/2005

DOCUMENT 33

their salts. Of the completely fuorinated materials, perfluorinated
carboxylates are used in the manufacture of such fluoropolymers
as poly(tetr: afluoroethylene) (PTFE), fluorinated ethylene—pro-
pylene (FEP), polyvmyhdme fluoride (PVDF), and fluoroelas-
tomers, and a combination of perfluorinated sulfonates and
carboxylates arc used in fire-fighling foams. The carboxylales used
in fluoropolymer manufacture are also somelimes referred Lo as
fluoropolymer polymerization aids (F PAs) *

Both perfluorinated alkyl sulfonates and carboxylates are
extremely stable and resistant to degradation,! which has led to
concern ahout persistence in the environment and in biological
malrixes. There is a need for trace level analysis of the pertluori-
nated sulfonates and carboxylates in the various media. Prior
analytical work on sample handling and methaodology has been
reviewed elsewhere,!

Several recent studies have reported on trace level analysis of
FPAs in groundwater as a resull of spills of fire-fighting foams,>
surface water in relation to a plant manufacturing fluoropolymers,’
and as a result of an accidental release of fire-fighting foam.#¥ In
all cases, the analytical method used was liquid chromalography
coupled with tandem mass spectrometry, LC/MS/MS. This is a
desirable method for trace level analysis, because it is specific to
the compounds being analyzed, and it can achieve very low levels
of quantitation.? The analytes in the studies ciled above were
petfluorohexanoic acid (PFHA, or C6), perfluorooctanoic acid
(PFOA, or C8), perfluooctansulfonate (PFOS), and in one case
perfluorododecanoic acid (PFDoA, or C12).

This paper describes a method and its validation for the
determination of pentadecalluorooctanoic acid (C8), heptadeca-
uorononanoic acid (C9), nonadecalluorodecanoic acid (C10y,
heneicosafluoroundecanoic acid (C11), and pentacosafluorotrice-

() Detecting and Quantifying Law Levels of Fluoropolymer Polymerization Aids-
A Gudanee Dagument; The Suciety ol the Plastics Industry, Inc; Wasii-
inglon, DC, Hugs,

(3) Schultze MM Rarofsky, 1), 1 Field, J. . Fuviron, Eng. Ser. 2003, 20

AKY.

(N Sehrdder, HOF [ Chromatogr., A 2003, 1020, 1431,

) Mandy, CoAL Field, )AL Environ, Sei. Technol. 1999, 33, 2900

(6) Maoody, A Hebert, GONStrauss, S, H. Field, ], A ] Fnviren, Monit
2003, 5, 341

(7) Hanson. K. L Johnson, H O Eldridge, 1S Biure nhel, Jo L Dick, 1.0
Environ. Ser, Technol, 2002, 36, 1681

(8 Moody, C. A Kwan, W. C.; Marin, J. W Muir, D, CoGa Mabury, S0 A
Anal. Chem. 2001, 73, 2200

9) Moody, C. A Martin, ). W.; Kwan, W, C.: Muir, D. C. G Mabury, S, A
Envoon, Ser. Technal. "()()2 6. 045,

Analytical Chemistry, Vol. 77. No. 5, March 1, 2005 1503

EPA 00666



I
I
Ly
nl
-
. -
I
1 N 1
1
N
LY
e’ -
- I
s
-
1
-
.
‘-
.
0 o s s s 1 5 e 5 e e e [ — — s e s s s s S
< -
- R
I
1
.
k4
]
1 1
' u
I
-
a
T
) i
- a
- -
A -
1
1
.
il

Al



cinoic acid (C13) In water, The method uses external standards
tor quantification by LC/MS/MS analysis, with a lower limit of
quantitation of 25 ng/L, and it wses a surrogate slandard,
Fhydrohexadecaluoronunanoic acid @), 1o monitor recovery,
Samples are concentrated by a tactor of 8 during the analysis.

MATERIALS AND METHOD

Chemicals. Pentadecailuoronctanoic acid (C8, 99.9%), hepta-
dectluorononanoic acid (CY, 98.:4%), nonadecatluorodecanoic acid
(C10, 9994 and henvicosafluoroundecanoic acid (Cll, 93.8")
were: purchased rom Sigma-Aldrich (Milwaukee, WD, Penta-
cusallnurotridecanoic acid (C13, 98.8%) was custom-synthesized
by Sigma-Aldrich, 9-Hydrohexadecafluorononanoic acid (OH, 95%
was purchased from Daikin Fine Chemicals (Osaka, Japan).
Reagent grade anmonium acetate and sodium thiosallate were
used, HPLC grade methanol was used, and methanol lots were
checked for contaminants by LC/MS/MS before use: some lots
were found unsuilable lor use. Type | water, with 2 minimum
clectrical resistivity of 16.67 M€ cm at 25 °C, was produced in-
house from a Labconco Waterpro workstation. Type 1 water used
lor solution preparation and extractions was filtered through a
Hypercarb guard column (Keystone) using an HPLC puinp.
Before use, the guard column was washed with ~25 mL of HPLC
grade acetonitrile, then ~25 mL of HPLC grade methanol, followed
by ~25 mL of type 1 water using the HPLC pump at ~2 mL/min
Mow rate. The fillered type I water eluate was then collected. This
water is relerred (o as “fltered type 1 water” hereafter. Il is
recommended that the column be washed, as described above,
alter filtering ~2 L of type T water. A Now rate of 2—3 mL/min is
reconumended.

Solutions and Standards. To avoid contamination, disposable
lab ware (ubes, pipets, ¢ie) was used and is recommended for
preparation: of alt solutions and all sample handling, Poly-
(ewralluoroethylene) or PTFE-lined conlainers or equipment,
mcluding PUFE-lined HPLC vials for the HPLC auto sampler, must
not be used, because pertluorinated carboxylic acid surfactants
are usually used in the preparation of PTFE,

Ammoniun acetate solution (50 mM) was prepared by weigh-
ing 3.86 g of anunonium acetate and dissolving in 1 L of fltered
type ['water. The 50 mM solution was diluted by a factor of 25 to
make the 2 mM solution used subsequently for chromatographic
mobile phase A, Methanol solution (40%) was made by measuring
400 mL of methanol and adjusting the volume to 1 L with filtered
type [ water. Sodium thiosulfate solution (250 mg/mL) was made
by dissolving 25 g in 100 mL of filtered type [ water.

Anulylicdl standards that were prepared were used for three
purposes: calibration standards, Taboratory control spikes, and
matrix sptkes, Calibralion standards were prepared in filtered type
I water and were used to calibrate the response of the detector
used in the analysis. Laboratory control spikes were prepared in
tiltered type [ water at concentrations corresponding to the lower
limit of quantitation (LLOQ) and 10 times the LLOQ and were
used o determine analytical recovery. Matrix spikes were
lortifications prepared by spiking samples collected in the field
with known concentrations and were used to evaluale the effect
ol the sample matrix on analytical recovery.

Stock solutions ol 100 n;f/mL of €8, CY. C10, C11, C13, and
N were prepared by weighing out 10 mg of analytical standard
tcorrected for purity) and diluting to 100 mL with methanol in a
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Table 1. Standards for a Typical Calibration Set

vol, fortified final conen,

conen, fortification  fortification  controb sumple — calibration std

soln (ng/ml) vol (ul) {ml.) (ng/L)
) [§] 40 0
10 100 40 Uh
10 200 10 50
10 400) 10 100 |
100 100 10 2950
100 200 10 500

100 100 10 1000

100-mL volumetric flask. These stock solutions were placed in
125-mL Jow-density polyelliylc-m: bottles and swored in a refrigera-
tor at 2—6 “C. Stability studies (described in the Method Validation
Section) showed that (he stock solutions of C8, C9, C10, C11, and
9H could be stored under these conditions for 6 months irom
the date of preparation. The C13 stock solution was stable for 3
months under these conditions.

A mixed fortification solution of 1O jir/mL of C8, €9, C10),
C11, and C13 was prepared by adding 1.0 mL of each of the 100
ug/mL stock solutions to a 100-mL volumetric flask and bringing
up to the mark with methanol. Successive dilutions with methanol
were made to prepare mixed fortification solutions of 0.1 ,ug/mL
and 0.01 sg/mL concentrations.

Fortification standards of 9H at concentrations of 1.0 and 0.1
ug/mL were prepared by successive dilutions with methanol of
the 100ug/mL 9H stock solution. All fortification standard
solutions were stored in a refrigerator (in 125-mL low-density
polyethylene bottles) at 2--6 °C for a maximum of 3 months from
the date of preparation, after which itis NeCeSsAry Lo prepare new
standards.

Calibration Standards. LC/MS/MS calibration standards
were prepared in filtered type [ water. The calibration standards
were processed through the same solid-phase extraction proce-
dure used for the samples. It is recommended that a zero slandard
solution (reagent blank) be prepared with each set of standards
extracted. This standard is used to assess the reagents used to
prepare the standards and is included as part of the calibration
curve. Itis recommended that the extracted standards be used
for a period of no more than 2 weeks when stored relrigerated at
a temperature between 2 and 6 “C. Table 1 is an example of
standards prepared for a typical calibration set; additional con-
centrations may be prepared as needed.

Method. The flow diagram of the method is given in Scheme
1, followed by a detailed description of cach step.

Sample Processing. Minimal sample processing was needed
tor water samples. It is recommended that samples be stored
refrigerated between 2 and 6 °C and analyzed within 2 weeks of
sampling. Samples stored refrigerated should be allowed to
equilibrate to room temperature before analysis. All samples must
be thoroughly mixed and any visible solids removed by centrifu-
gation at ~3000 rpm before being sampled for extraction.

Sample Preparation, [l is recommended that cach baich of
samples extracted (typically 20 or less) include at least one reagent
control (method blank using fltered (yvpe T water) and two reagent
controls fortified at known concentrations to verily procedural
recovery for the batch, At least one sample per batch should be
extracted in duplicate. Al least one sample extracted should also
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Scheme 1. Method Flow Diagram
Mcasure 40 mL of sample

(Fortify samples when designated)
2
Fortify all samples with 9H surrogate standard
\:
C18 Solid Phase Extraction

\:

Final Volume (5 mL)
{

LC/MS/MS Analysis

be separately fortined al a known concentration and carried
through the procedure (o verifv recovery. Additional matrix spikes
may be performed as necessary.

Extraction Procedure. Into a 50-ml. polypropylene centrituge
tube was measured 0 ml, of sample, which was then fortified
with analyte as necded. All samples were fortified with the 94
strrogate. Surrogate (ortificalions were made at 250 ng/L, hut
they can be prepared at alternate lovels as long as the amount in
the standards and samples are the same at the time of analysis.
The lid was replaced, and the tubes were mixed well. For tap water
samnples, and iny samples suspected of containing chlorine, 200
ul. ol w 250-mg/mlL. solution of sodium thiosulfate was added 1o
the 40-mL sample and mixed well to deactivate the chlorine hefore
fortification. A Sep Pak Vae 6 e (1 ) Cyusolid-phase extraction
(SPE) cartridge, purchased fram Waters Corp (Milford, MA), was
conditioned by passing 10 mL of methanol through it, followed
by 5 mL ol filtered type | water at a flow rate of ~2 drops/s, The
calumn was not allowed to run dry at any time.

Standards. A A0-ml, portion of a standard to he extracted was
loaded onto i conditioned C18 cartridge at o low rate of ~1 drop/
s. The eluate was discarded, The cirtridge was then washed with
—d mbool 0% methanol in water. This eluate was also discarded.
The column was finally eluted with 5 mL of 100% methanol. A
aml, portion of elvale was collected into a graduated 15-ml.
polypropylene centrifuge tube (VWR, Bristol, CT) o give a final
volume of § ml.

Samples. The sample was loaded onto the conditioned cartridge
at a tlow vate of ~1 drop/s. The eluate was discarded. The
cartridge was then washed with ~5 mL of 40% methanol in water,
and the eluate discarded, The cartridge was then eluted with ~5
mL ol 100% methanol. This cluate was collected into a graduated
15-mL polypropylene centrifuge tube to give a inal volume of 5
ml..

The standard or the sample was then reacy lor analysis using
clectrospray LC/MS/MS. [t should be noled that both standards
and samples wre concentrated by it factor of 8 during the extraction
procedure: initial volume = 40 ml., final volume = § ml.

LC/MS/MS System and Operating Conditions (Electro-
spray). The mass spectrometer (MS) was a Micromass Quattro
Uhima (Micromass Ltd, Manchester, LK) with & Micromass
clectrospeay interface. A Harvard infusion pump (Harvard Instru-
ments, Holliston, MA) was uscd Tor tuning. The computer was a

Table 2. HPLC Gradient Conditions

time %A (2 mM ammonium acetate % B flow rate
(min) in type I water) (methanol)  (nL/min)
0.0 60 40 0.3
0.4 60 40 0.3
1.0 10 90 0.3
7.0 10 90 0.3
7.5 0 100 0.3
9.0 0 100 0.4
9.5 60 40 0.4
13.5 60 40 04
14.0 60 40 0.3
15.0 60 40 0.3

Table 3. lons Monitored and Their Approximate
Retention Times

analyte mode transition monitored  retention time (min)
C8 negative 413 — 369 ~5.5
C9 negative 463 — 419 ~5.6
C10 negative 513 — 469 ~5.7
cn negative 563 — 519 ~5.8
C13 negative 663 — 619 ~6.1
9H negative 445 — 381 ~5.3

COMPAQ Professional Workstation AP200, Softwire was Win-
dows NT running MassLynx 3.3, The high performance liguid
chromatograph (HPLC) was a Hewleu-Packard (HP, Agilent
Technologies, Palo Allo, CA) series 1 100, consisting of an HP qual
pump, HP vacuum degasser, HI? auwtosampler, and HP column
oven. Ad < 10-mm Hypercarb drop-in guard cartridge {Keystone,
Part no. 844017—400) was attached on-ine alter the purge valve
and hefore the sample injector port to lrap any residue contami-
nants that may be in the mobile phase or HPLC system,

The HPLC column was a Genesis Ce (Jones Chromatography.,
W. R Grace & Co., Columbia, MDY, 2.1 « 50 mm, 4 wm. Column

- temperature was 35 “C: injection volume was 15 ul.. Mobile phase

A was 2 mM ammonium acetate in type [water. Mobile phase B
was methanol. Gradient conditions are given in Table 2. The ions
monitored and their approximate retention tines are shown in
Table 2.

Example MS Operating Parameters. In Table 4 are presented
example MS operuting values. Actual values will most likely vary
from instrument o instrument, These villues may also change
over time, even when analyzing samples on the same instrument.
The values are changed to oplimize lor greatest sensitivity.

The MS was tuned for each analyte by infusing a ~0.2 jg/ml
standard solution of analyte (al 10 aLl/min, using an infusion
pump) via a “T" into a stream of mobile phase containing 10%
methanol and 60% 2 mM ammonium acetate at .2 mL/min flow
rate. The analyte was initially tuned for the parent ion and then
tuned for the product ion. Once (he wstrument was tuned, the
optimized parameters were saved s 4 tune filc. This wune file was
then used during routine analysis.

Pesfarmanee Criteria. 1t is recommended that a standard
solution be run on the LC/MS/MS corresponding o the estimated
LLOQ (25 ng/L) in matrix and a signalto-noise rativ be obtained
for the analyte transition of at least 5:1 compared o 4 reagent
blank. If this eriterion cannot be mel, the instrument operating
paramelters should be changred and optimized {or the injection

Analytical Chemistry, Vol. 77. No. 5, March 1, 2005 1505
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Table 4. Example MS Operating Parameters

aniilvie dwell (s) collision energy (V) cone (V)
X b 10 15
Y 0.2 10 20
Lo (2 10 10
CI! 0.2 10 15
Uls n.2 17 20
Ol 1.2 15 20

Sotree Sel
cupillary 20 kY
hexapole | ov
aperture | ) (}AY
hexapole 2 oV
source block temp 100 °C
desolvation (emp 300 °C

Analyzer Sel
LM res 1 1.0V
ITM res | 40V
IEnergy 1 Y
cntrince -2V
oxit 2V
I M res 2 14,0V
HM res 2 MOV
nergy 2 20V
nmltiplier 700V
Gas Flows Set
CONe gas ~ 130 L/h
desolvation 750 L/h

Read Back

ressiives

pas coell ~-0.003 mbar

volime inereased, i appropriate), 1t is recommended that the
instrument be checked with several injections of low-level calibra-
tion standard prioy to sample analysis to ensure peak area
precision, shape, vetention time, and resolution. The peak area
precision should have a relative standard deviation (RSD) value
of <10% and the retention times should have an RSD value of
=2.5%.

Calibration Curve. To gather data for the calibration curve, the
same aliquot (between 10 and 25 ul) of each extracted standard
processed in matrix was injected into the LC/MS/MS, starting
from the lowest level standard to the highest level prepared, using
SiX or more concentration levels. The final concentration of these
calibration standards was cquivalent to 8 times the concentration
ol the initial standard due to the concentration during the SPI3
provedure,

Linear standard curves were used for quantitation, They were
wenvrated tor cach analyte by linear regyession using 1/x weight-
i of peale ared versas calibration standard concentration using
Massbynx 5.8 or equivaent) software. 1 was lowed hat any
calibration standind found 1o he astaistieal outlicr by using an
apprapriate: onthier test tand documented in the raw data and
celerenced in the fnal reporty could be considered tor exclusion
trom the calibration curve. The total nuniber of extracted calibra-
tion standards that may be excluded, however, could not exceed
205 ol the total number of extracted standards injected. It is
recommended that the correlation coelficient, R, for calibration
curves generated be 20.992 (R = 0.985). If calibration results

1506  Analytical Chemistry, Vol 77. No. 5, March 1. 2005

fall outside (hese limits, then appropriate steps must be taken o
adjust instrument operation, and the standards or the relevant st
ol samples should he reanalyzed,

Sample Analysis. I is recommended that the same aliguot
thetween 10 and 25 uL) of cach standard, sample, recovery,
cotrol, ete. he injected into the LC/MS/MS systen. Standards
corresponding o at least six or more coneentration levels, starting
with the LLOQ level or below, should be included in an analytical
sel. An entive sel of extracted calibration standards should he
injected at the beginning of a set, followed by extracted calibration
standards interspersid approximately every 5-10 samples ((o
account for a sccond set of extracted standards), Allernatively,
an eatire set ol extracted calibration standards may be included
al the beginning and end of a sumple set. In cither ease, extracted
calibration standards should be the first and last injection in a
sample set. All calibration standards, excepl for statistical oulliers,
should be used in the calibration curve.

The concentration of each sumple/fortification/control was
determined from the standard curve on the basis of the peak arca
of cach analyte. The standard responses bracketed the responses
of the residue found in each sample set. If necessary, the samples
were diluted with methanol to give a response within the standard
curve range.

Fortification recoveries falling within 70~ 130% were considered
acceptable. The analysis performed during the method develop-
ment included fortifications at 25 and 2500 ng/L of each analyte
in type 1 water, It is recommended that the total holding time
between sample collection and analysis not excevd 1 days,
Extracted samples must be stored refrigeraled between 2 and 6
“C until analysis,

Samples for which no peaks were detected (i.c., signak-lo-noise
ratio is <3) al the corresponding analyte retention times were
reported as ND (not detected). Samples for which peaks were
detecled at the corvesponding analyte retention tlimes but at less
than the LLOQ were reported as NQ (not quantifiable),

Acceptance Criteria. It is recommended that the following
criteria be met to ensure the presence of C8, C9, C10, C11, and
C13 in the analytical sample:

The chromatogram must contain the parent and daughter ions
shown in Table 3.

Method blanks must not contain any analyte at levels preater
than the LLOG. If a blank contains analyte at levels greater than
the LLOQ, then a new blank sample must be obtained and the
entire set must be re-extracted.

Recoveries of laboratory control spikes and matrix spikes musl
be between 70 and 130% of their known values, 11 o control spike
falls outside of the acceptable limits, the enlire set of samples
must be re-extracted. Any matrix spike outside T0=130% should
be resextracted. If a marrix spike Fails recovery, the saumple and
associated matrix spike should be reextracted and reanalvzed for
confirmation. [f the recovery is still out of range, report hoth values
and flags the data as having matrix effects present,

Recoveries of the 9H surrogate standard must be hetween 70
and 130%, Any sample in which the surrogate recovery does not
fall within this range must be re-extracted. If a surrogate fails .

 Tecovery, the sample should he re-extracted and reanalyzed for

confirmation, If the recovery is still out of range, report both values
and flag the data as having matrix effects present. Any standard
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that does not meet this requirement cannot be included in the
calihration curve

Any calibration standard found 1o be a statistical outlier by
using an appropriate outlier test (documented in the raw data and
referenced in the final veport) may be excluded from the
caleulation of the calibration curve. The lotal number of extracted
calibration standards that can be excluded, however, must not
exceed 20% of the total number of extracted standards injected.

The carrclation cocfficient, &, for the calibration curves
generated must be ~0.992 (R* = 0.985), All the standards injected
inan analytical set should be used to construct the calibration
curve, with the exceptions for outliers noted in section 5 above.
IFcalibration results fall outside these limits, then appropriate steps
musl be taken to adjust instrament operation, and the standards
or the velevant set of samples should be reanatyzed.

Retention times between standards and samples must not drift
more than =1% within an analytical run, I retention time drift
excecds this linit within an analytical run, then the set must be
reanalyzed.

Caleulations. Ihe equation given below was used to caleulate
the amount of analyte found (in ng/1L., based on peak area) from
the calibration ciwve (lincar regression parameters) generated by
the MassLynx program,

(peak area — intercept)
slope ’

analyte found (ng/1) = < DF

where DIY = faclor by which the final volume was diluted, it
Hecessary

For' samples fortitied with known amounts of analyte prior to
uextraction, the following cquation was uscd to caleulate percent
recovery:

recovery (%) -

Hotal analyte found (g/1) - analyle found in control (ng/L)}

> 100
analyte added (ng/1)

Notes Subtract analyte found in control (ng/L) from analyte found
(ng/L), il applicable.

Method Validation. The method was validated generally
according to U.S, Food and Drug Administration (US FDA)
guidelines™ and US FDA GLP 21 CFR 58. There were some
dillerences from (he guidelines. These include the use of external
reference standards; no independent analyses of the reference
standurds were made, but certificates of analysis were used: (he
relerence standards were not characterized under 21 CFR 58.105.
The protocol for accuracy was mean values within =20% of (he
theoretical values and for precision was coefficients of variation
ol = 20%. For stability studies, the protocol for stability was results
within 30% of theoretical. The low concenlration used in the
stability studies used was twice the LLOQ. The automated data
collection systems were not fully compliant with 21 CFR 58.130-
(¢).

G Gadanee por Industry, Bisanalytical Method Validativn; U.S Department of

Health and Hunum Serviees, Food and Drug Admimistration, Center for Prug

Ivaluation and Kescarch (CDER), Center fur Veterinary Medicine (CVM™),
May gl

RESULTS AND DISCUSSION

Specificity, Six water (matrix) blank samples were oblained

from six different sources and were analyzed according to the
method, along with a calibration standard at the LLOQ of 25 ng/
L. There were no significant interferences (<20% of area of the
LLOQ standard) at the retention time of any of the Larget analytes
in control samples of well, stream, spring, tap, Omnisolve, and
type I water; results were below the LLOQ. Good precision (< 10%
RPD) was observed between LLOQ standards for cach compound
analyzed prior to and after the source samples.
+ Lincarity. The linearity of the method was established by
analyzing calibration standards ranging from 0 to 2500 ng/L.
Included were a matrix blank (matrix sample processed without
surrogate standard), a zero sample (imatrix sample processed with
surrogate standard), and seven concentrations of standards. Each
concentration was injecled five times, and the five resulting curves
from the five data sels were processed separately. For each of
the five data sets of standards, the coefficients of determination
for C8, €9, C10, C11, and C13 were greater than 0.985, and all of
the recoveries deviated < 15% from the nominal concentration at
concentrations other than the LLOQ. All recoveries for the LLOQ
level deviated <20% from the nominal concentration, except for
one instance in one data sel of a C10 recovery of 125% and one
instance in one data set ol a C11 recovery of 121%.

LLOQ. The lower limit of quantitation (LLOQ) of the method
was determined by analyzing three replicates of a control sample
and three replicates of fortified samples at 25 ng/[.. The LLOQ
was juslified at 25 ng/l1. for water with fortificalion recoverics
between 80 and 120% of their anticipated value and a response at
least five times that of the conlrol samples.

Precision (within-Day, between-Day), Accuracy, and Re-
covery, Within-Day Precision. The precision and accuracy within-
day of the method for each matrix was determined by analyzing
six control samples fortified at the LLOQ. six control samples
fortified at 20 times the LLOQ, and six control samples tortified
at 200 times the LLOQ. Good within-day precision was demon-
strated with cocficients of variation (CVs) <15% for C8, CY, C10,
C11, and C13 at each fortification level.

Accuracy and Recovery. The accuracy ol the method was
verificd with mean value recoveries within 15% from the actual
concentrations for C8, €9, C10, C11, and C13 at each fortification
level. All recoveries were within 20% of the actual concentrations.

Between-Day Precision. Another set containing six control
samples fortified at 20 times the LLOQ was extracted by a sccond
person on a separate day. Comparing results for the 20-times
LLOQ fortifications from the first clay with those obtained on the
second day established the between-day precision with CVs of
nean recoveries of <15%.

Absolute Recovery. The percent absalute recovery was based
on a standard curve generated using nonextracted standards
representing 100% recovery. For cach matrix, three control
samples fortified at the LLOG, three control samples fortified af
20 times the LLOQ, and three control samples fortified at 200
times the LLOQ were compared (o a sel of nonextracted standards
to eslablish absolute recovery.

The mean recoveries were within 20% of the actual concentra-
tions tor C8, C9. C10, C11, and C13 at each fortification level and
within 15% for the entire set. The average absolute recovery and
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CVidor the 9H surrogate standird was 188 1 16%, The high 9H
recovery niy he due fo malrix enhancement, bul was considered
aceeptable because thie recovery was consistent and precise (CV
s 209 Al of dhe 260-n/L 911 recoveries i the nondiluted
extracted samples throughout the study were between 70 and
RIS

Sample and Standard Stability. Short-Term Room-Temper-
ature Stubility of Samples and Extraets, The shoit-lerm stubility of
the samples and extracts during the exteaction and analysis
procedure was determined by fortifying six control samples at 50
ng/Land six at 2500 ng/L for all analytes. Three replicates at
cach level were immediately extracted along with a set of
standards and analyzed. Mean recoveries were within 20% of the
actual concenteations for C8, €9, €10, C11, and C13 at each
lottification level, Alter analyzing, the initial sample and standard
extracts were allowed to remain at room lemperalure for ~24 h
and then reinjected. Mean recoveries were still within 20% of the
actual concentrations at each fortification level, The other fortified
samples that were not immediaté]y extracted were allowed to
remam at room lemperature for ~24 h. Following this period, Lhey
were extracted and analyzed with a calibration curve from a fresh
setolextracted standards. These samples also had mean recover-
ies within 20% of the actual concentrations for C8, €9, C10, C11,
and C13 at each fortification level,

Alresh sel of calibration standards was prepared and compared
to those that sal al room teruperalure for ~24 h. The standards
also demonstrated stability for 24 h at room temperature. The
average recovery and standard deviation for the standard com-
DArisan was 87 5 1% far C8, 88 = 6% (or CO, 85 + 6% (or 10, 87
= of for CUL 91 = T4 for C13, and Y6 = 3% for 9H.

Long-Term Refrigerator Stability of Standards and Extracts. A
sebof calibration standards having concentrations from 0 to 2500
ng/ L three fortified samples at 50 ng/L, and three at 2500 ng/L
lor all analyles were stored relrigerated between 2 and 6 °C, and
they were compared to freshly prepared standards at 1- and 2-week
mtervals. For the standards, recoveries were within 20% of the
actual concentrations for all of standards and the surrogate
standard at bath 1 and 2 weeks. For the extracts, mean recoverics
wore within 20% of (he actual- concentrations for all analytes at
both concentrations, and all recoveries were within 30% of actual
concentrations. The 1- and 2week storage stahility of the standards
and extracts was established.

Long-Term Room-Temperature Stability of Samples. The long-
fernuroun lemperature stability of the samples was investigated
by means of a stability experiment. This consisted of storing
samples fortitied at 50 and 2500 ng/L for all analytes, in triplicate,
tor L3 7, and 14 days. Following the storage period, the samples
were analyzed along with a sel ol freshly prepared calibration
slandards

Fanitied samples were found to be stable for 14 days for C8,
CHCL0, and CLL with mean recoveries within 20% of the actual
vilues when foruficd and stored at room temperature. Samples
fortificd with C14 were Tound 10 be stable lor only 7 days when
stored al room emperature, At 14 days, the mean recoveries and
coetticients of variation for C13 were 60 = 10% at the 50 ng/L
tortification level, and 53 + 9% at the 2500 ng/ L fortification level,
This compares (o 76 = % at the 50 ng/L fortification level and
SRz B al the 2500 ng /L fortification level for C13 at 7 days. The
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development of inhomegencity for the longest chain length analyte
suggests the ocourrence of some process, such as agpregation,
that may be related 1o chain length, The posSibilil_v wis 1ot
examined by further experiment.

Long-Term Rofrigerator Stability of Samples, The long-term
refrigerator stabiliv of the samples was investigated with an
experiment similar to the roonitemperatiire stability experiment.
Samples were (ortified al 50 and 2500 ng/Lin triplicate and stored
at4d £ 2+Clor 1,3, 7, and 14 days, I'ollowing the storage period,
the samples were analyzed along with a set ol fresh calibration
standards.

Fortified samples were found to be stable for 14 days for C8,
CY, €10, C11, and C13 when stored refrigerated at 4 = 2 ~C, with
mean recoveries within 20% of the actual values. Development of
inhomogencity in C13 samples was apparently retarded or
otherwise did not develop, as was the case in the room lemper-
alure stability studies.

Long-Term Stability of Stock Solutions. Methanolic stock solu-
tions which had been stored in a refrigerator at 4 + 2 °C for long
periods were used o prepare calibration standards, which were
compared to calibration standards from new stock solutions. The
stock solutions for C8 and C9 were found to be stable for at least
313 days, the stock solutions for C10 and C11 for at least 314
days, the stock solution for C13 for at lcast 85 days, and the stock
solution for 9H for at least 183 days, with recoveries within 30%
ol actual, Methanol is apparently a belter solvent for the analytes
than is water in that the development of inhomogeneity is not
observed in methanol,

CONCLUSIONS

A methad for the analysis of C8, C9, €10, CI1, and C13 in
waler using external standards and a surrogate slandard was
successfully validated.

In absolule recovery experiments, the monochydro surrogate
standard appeared to exhibit matrix vnhancements, but recoveries
were consistent and precise in the absolute recovery experiments,
and recoveries of all of the diluted extracted samples (250 ng/L)
throughout the study were hetween 70 and 130%. T herefore, the
surrogate standard was still useful in monitoring recovery.

A comparison between the stability study of methanolic stock
solutions of the analytes and that of fortified aqueous sample
solutions suggests that methanolic solutions of (he analytes are
more stable than aqueous solutions. Chain length of an analyte
may play a role in aqueous solution stability, in that the longest
chain length, C13, showed instability in the room temperature
stability study of fortificd samples, whereas the others woere more
stible. The stahility studies recommend that saniples be stored
refrigerated and analyzed within 2 weeks of sampling f{or these
types of analytes in water.

SUPPORTING INFORMATION AVAILABLE
Experimental data. This material is availuble free of charge
via'the Infernet at http://pubs.acs.org.
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